Abstract. Acoustic Emission (AE) has been widely used for monitoring manufacturing processes particularly those involving metal cutting. Monitoring the condition of the cutting tool in the machining process is very important since tool condition will affect the part size, quality and an unexpected tool failure may damage the tool, work-piece and sometimes the machine tool itself. AE can be effectively used for tool condition monitoring applications because the emissions from process changes like tool wear, chip formation i.e. plastic deformation, etc. can be directly related to the mechanics of the process. Also AE can very effectively respond to changes like tool fracture, tool chipping, etc. when compared to cutting force and since the frequency range is much higher than that of machine vibrations and environmental noises, a relatively uncontaminated signal can be obtained.
Introduction
Monitoring of tool wear is an important requirement for realizing automated manufacturing. Tool wear is a very complex phenomenon which can lead to machine down time, product rejects and can also cause problems to personnel (Dimla et al 1997) . In-process sensing of * For correspondence tool wear is an important function for the adaptive control of machine tools. Tool condition monitoring is a critical area for the success of any machining process where the tool is in constant or intermittent contact with the work-piece and can be subjected to either continuous wear or catastrophic failure like chipping, fracture, etc. This problem is currently being addressed by many metal cutting researchers through the development of improved sensors. Sensors function to collect information for the evaluation of the condition of the tool. Various types of sensors are available which could be effectively used for tool wear monitoring and include acoustic emission (AE), vibration, temperature, force, etc. (Pai & Rao 1998) .
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Research has shown that AE, which refers to stress waves generated by the sudden release of energy in deforming or fracturing materials, could be successfully used for detecting tool wear and fracture in single point turning operations. Further studies have also indicated that the use of AE for monitoring the condition of the tool in multi-point cutting tool operations like drilling and milling.
During metal cutting, AE generated is mainly from plastic deformation and fracture. Other sources of AE signals are shown in figure 1. The analysis of acoustic emission signals generated during machining has been proposed as a technique for studying both the fundamentals of the cutting process and tool wear, and also as a methodology for detecting tool wear and failure on-line (Lister & Barrow 1986) .
The goal of present investigation is to detect AE signals from insert-milling operation and to correlate the various signal parameters with the status of the tool.
Experimental details
The schematic diagram of the experimental set-up used for the investigation is shown in figure 2. Tests were carried out on a Bharat Fritz Werner Vertical milling machine. The workpiece material was En-8 (medium carbon steel) with dimension 63 × 140 × 63 mm and tests were carried out with single, two and three inserts (uncoated carbide insert, SEKN 12 03 AFN TTMS, WIDIA Hard Metal Grade) in the cutter. Table 1 explains the experimental conditions employed in the test. The various combinations of cutting speed and feed were chosen such that the tool was subjected to progressive wear. However, results for only three experiments are reported here. The depth of cut was kept constant. The experiments were carried out beyond the specified width of flank wear land (VB max), till the insert failed. Also for the selected cutting conditions, crater wear was not formed on the tool and hence it has not been considered in the investigation.
The AE signals were sensed using a AC 750 2425 piezoelectric transducer, mounted on the machine vice as shown in the figure 2. The signals were suitably amplified using a preamplifier
